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NACA ARR No. ELI25
NATTIONAL ADVISORY COMMITTEE FOR AERONAUTICS

" ADVANCE RESTRICTED REPORT

TRENDS IN SURFACE-IGNITION TEMPERATURES

By Henry E. Alquist and Donald W. Male

SUMMARY

Object. — To evaluate the variation of surface-ignition tem-
perature with charge density, fuel-air ratio, and surface~ignition
advance.

Scoge. - Tests were made on a supercharged CFR engine to deter-
mine surface-ignition tempcrature as a function of each of three
variables - fuel-air ratio, intake-manifold pressure, and surface-
ignition advance - for S-3 reference fuel, benzene, methanol, and
AN-F-28, Amendment-2, fuel. Surface ipnition was induced by a
platinum to platinum—lO percent rhodium thermocouple hot spot made
of 0.040-inch wire and projecting 3/16 inch into the combustion
chamber. The hot-spot temperature was controlled by heating the

hot spot with an audio-fr=jiency current.

Summary of results. - The followlng results were obtained from
tests of the four fuels:

l. The range of the surface-ignition temperatures was betwsen
1900° F and 2600° F. Although the absolute temperatures measursd
ware not always reproducible, the trends and the absolute values
of the slopes of the curves representing the data were.

2. Surface-ignition temperature increased approximately lin-
early with surface-—ignition advance in degrces before top center,
and the rate of increase was about the same for the four fuels.

3« At constant fuel-air ratio and surface-ignition advance,
the temperatures required for surface ignition decreased about
70° F when the intake-manifold pressure was increased from 30 to
45 inches of mercury absclute.

4. Surface~ignition temperaturss reached minimum values at
fuel-air ratios within 10 percent of the theoretical mixtures.
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5. At simllar conditions, surface-ignition temperatures for
the four fuels were within about 150° ¥ of each other and, under
certain conditions, fuels of presumably different prelgnition
characteristics, such as S-3 and benzene, had the same surface~
1gnition temperatures.

Conclusion. - Because not much 4ifference was observed between
the surface-lgnition temperatures of the several fuels tested, 1t
1s concluded that surface-ignition temperature 1s not a satis-
factory criterion for differentlating between the preignition char-
acterlstics of different fuels in Intermal-combustion engines.

INTRODUCT ION

As part of a research program to determlne the preignition
characteristlcs of aviation-fuel components, thls laboratory kas
conducted tests on & supercharged CFR englne to determine the rela-
tionships between a hot-spot temperature required for surface igni-
tion and other engine variables with four differont fuols. Previous
work conducted on prelgnition by the NACA 1s pressnted 1ln refer-
ence 1, The data prosented 1n this report were obtaincd from tests
made at the Alrcraft Engino Research Laboratory at Cleveland, Ohlo,
fram October 1, 1943 to February 1, 1944.

APPARATUS

The tests were performed on a high-speed, supercharged
CFR englne coupled to a 2S5-hcrsepower, alternmating-ocurront, cradle-
typo dynamometer. The enzlne was equipped with an aluminum plston,
a godium-cooled exhaust valve, and a cylinder head with four
18-millimeter spark-plug holes, Knock, when 1t occurred, was
detected by a cathode-ray oscilloscope in conJunction with a mag-
netostriction pickup wnit. Data taken under knoclking conditlons
aro so Indicated on the flgures. All operating temperatiros wsre
moesured by iron-constanten thermocouples and a self-balancing
potentiometer. Champlon RJ-11 spark plugs were used throughout
the tests., The fuels used in these tcsts were: (1) S-3 roferonce
fucl, (2) benzene, (3) methanol, and (4) AN-F-28, Amondment-2,
funl,

An electrically heatod thormocouple (Pt to Pt-10 percent Rh)
hot spot was the source of surface ignition, It was mounted sym-
metrically with an ilonizatlon-gap-flame-front indicator 1n a steel
plug (fig. 1), designed to be installed in a spark-plug-hole, The
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ionization gap coupled to an electronic circult activated the
spark~timing indicator plate on the engine. The wires were sealed
into the plug with powdered talc (see fig. 1); the thermocouple

" éxtendsd beyand the ‘plug body 3/16 inch., ThHe diameter of the

thermocouple wires was 0,040 inch except at the junction where

it was reduced, thus insuring the junction as the hottest point.
The wire electrode of the ionization gap was not allowed to extend
more than 1/32 inch into the combustion chamber because it might
otherwise act as a source of surface ignition. Because the plati-
num occasionally melted during advanced preignition, four hotwspéot
units were required to obtain the data for the report. The unit
used for each test is indicated on the figures.

Platinum and platinum-10 percent rhodium were chosen as tharmo-
couple materials becausn of their high melting points and their
resistance to oxidation. Tho use of platinum as a source of sur-
face ignition has the disadvantage that the metal is catalyticjs it
is believed, however, that the effect is not large enough to sub-
tract materially from the significance of thz resulils prasented in
this report. Data indicating the catalytic effect of platinum on
surface~ignition tempcratures are given in the appondixe A similar
unit using chromel and alumsl as thearmocouple materials, when
employed in preliminary tesis, indicated surface-ipgnition tempera-—
tures of the same or:der of magnitude as did the unit using the
platinum to platinum—rhodium therrocouple.

The hz2ating current to the ot spot was dupplicd by 2n audio-
frequency oscillator (fig. 2). &4 blocking condenser was rTequired
in the circuit to kecp out direct current from the thermocouplc.
The thermal elecctromotive force was measured with a szlf-halancing
potentiometur connected in series with a choke coil, which was
installzd to prevent the heating current from affecting Lhe meas-
uremonts of the thermal «¢lectromotive forecc. The reliability of
the circuit for measuring electromotive forces was checkad by
simultancously measuring the hot-spot temperature with the test
thermocouple and with a thermocouple in an indeperdant cxternal
circuit. Both thermocouples indicated the same tempcraturc.

The tests were made with the unit in spark-plug hole 3
(fig. 2) in order to place the hot spot in the end zone and hence
allow surface~ignition data to bo racorded at the latest pessible
crank-angle position in relation to the ignition timing. The unit
was mounted in the cylinder with the ionlization gap on the intake-
valve slde and at the same level as the thermocouple. The unit
was installed in such a way that its inner surface was flush with
the cylinder wall, within the limits of one revolution.
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PROCEDURE

. Under normal operating conditions the flame front arrived at
the jonization gap L5° to 55° (crank angle) after the excitation
of the spark plug. When the hot-spot temperature was high enough
to ignite the charge ahead of ths normal fleme front, the ioniza-
tion gap indicated this ignition. OSurface-ig-ition advance (the
time at which surface ignition occurrecd, measured in degrees of
crank angle) depanded upon the hot-spot temperature, which was
externally controlled by changing the output of the power source.

The following engine conditions were maintained constant:

Engine spead, TDPM o o o « o ¢ ¢ o » ¢+ o« s s « ¢ 2 » s » o 1800
Compression Yatbio o o ¢ ¢ ¢ o ¢ ¢ 2 o 0 ¢t e 2 ¢ o s s e s e (40
Coolant temperaturo, OF e ¢ & © » 2 0 8 ¢ e v ¢ o 0 ¢ B e @ @ 2;0
Inlet—air temperature, OF ¢ 8 0 o 8 0 e v e e s m e s e s s s 100
Spark advance, degFI‘eBS BeTela 6 ¢ o v o ¢ 06 o 2 5 ¢ s ¢ o ¢ o 35‘
o1l tQmPerature, e ® & » o & & ¢ P e & ¢ O 8 & @ & @ € 2 0 1';0

Data were obtained to show the veriation of rejuired surface-
ignition temperature for the four fuels with each of three vari-
ables: surface-ignition alvaace (time), charge density, and fuel-
air ratio. Test poinls were taken when the hot-spot temperature
was adjusted to give the decirnd surface-iguition arlvance. Some
points wers stable, that is, for a given power input both the
temperature and the surfaco~ignition advancs remained constant.

At other points, however, combustion caused the tempsrature to rise
without additional h:ating current, which reswuiterd in a corre-
soonding advance of surrace igniticn. Tt was nccessery to make
instantaneous temperaturc r<adings for the desired advances in
recording these unstable points. Because of 1he "rin-away" tend-
ency cf most fu.ls, it was rarevly possible to obtzin data for early
advances,

The cycle~to—cycle variation of the surface-ignition advance,
as detcrmined with the ionization gan, varicd tfrom 29 at late
advances to 109 at zarly advances. For very advanced nrzienition,
thr cycle-~to-cycl: variation was oftin as hiyh as LJ9, bui no data
were recorded for thuse conditions. The len~hhs of the arrows on
the curwve of S-3 ref:rence fuel (fig. 3) graphically illustrate
these variations. The trmwooraturo mhasirem nt on any one -latum
point is beliswd to we accuratec to #10° F, The data =xer: not
sufficiently reuroducible, lLowever, Lo warrant extensziw: compari-
son of the absolute toemneraiures of one curwe with those of another,
except when they werc obtained on the same day. Dayv-to-day varia-
tion may be duc to slight changes in tha tharmocoupla peomctry,
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surface condition, and activity of the platinum. When a fuel-air-
ratio test was made for a fuel, a similar test was made on the same
day with S-3 reference fusl using the same unit; thus, a basis for
comparison ‘between fuels was established. Trends- and -slopes of
curves were quite reproducible.

DISCUSSION

The curves of surface-ignition temperature plotted against
surface-ignition advance for the four fuels are approximately
linear with positive slopes (fig. 3). It is evident by comparing
the curves that the differcnces in elther the absolute temperature
values or the slopes are too small to be a significant indication
of any variation in preignition characteristics of these four fuels.
The data for methanol were taken at a lower parcentage theoretical
fuel-air ratio than the other fuels, but it will b= shown later
(fig. 6(b)) that this difforence does not materially alter the
comparison. It was pessible to obtain data for methanol for
advances earlier than 40° 3.T.C. becausc run-away preignition did
not occur., Significantly enough, methanol suriface-—ignited for
these engine conditions at about 10° B.7.C. with no external heat,
which limited the extent of the curwe., The curve for AN-F=28 fuel
containing L4.53 milliliters tetraethyl lead ner gallon is essen-
tially the same as the curves for the other fuels,

Curves of surface-ignitinn advance at different fuel-air ratios
were determined for S-3 reference fuel., As can be seen from fig-—
ure L, the slopes of thesc curves are the same as and check rcason-
ably well with thz curves in figure 3.

The surface-ignition temperaturss at a corstant swrfaceo-
ignition advance of 20° B.T.C. are plotted in fipure 5 as a function
of fuel-air ratio on a percentage theoretical-mixture basis for
benzene, methanol, and AN-F-28 fuel. For comparison, each is prc-
sented with its owm S5-3 referance curve. The trends are the same
for the four fuels, snd the temperature differsnces ara, in general,
smalls the greatest diff:rence is about 160° F, The temperaturc
increases in both thes lean and the rich re=gions from a minimum at
about 110 percent of the theoretical mixture except for benzene,

" which has a minimum at about 95 psrcent of the theoretical mixture.

For the plots in figurc 6, data were taken first for succes-
sively richer and then for successively leaner mixtures throughout

. the operating range. These results eliminate tho possiblity of

confusing other trends with the actual trends caused by fuel-air
ratio.
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The effect of intake~manifold pressure on surface~ignition
temperatures at an advance of 20° B.T.C. and at constant fuel-air
ratio is shown in figure 7 for the four fuels. Data were taken
first for progressively higher and then for progressively lover
intake-manifold pressures. Inasmuch as charge density varies
directly with intake-manifold pressure, the curves rejresent the
effect of charge density on surface-igiiition temperature. The
temperatures are lower for the high charge densities than for the
low, but the difference is small,

It is evident from the tests conductrd and the results pre-
sented that surface-ignilion tempsrature, as measured by the hot-
spot thermocounle, will not suffice to inriicate the preignition
tendencies of engine fuels. The heating current to the hiot spot
required for a given surface-ignitlon advance, however, varies
considerably for various fuels and engine conditions. Further
work is boing conducted at this laboratory to dztermi-e the pre-
igrition characteristics of fuel coupouents.

COLCLUS LON

Because not much diffrrence was observed nhztween the surface-
ignition temperatures of tlie several fuels tested, it is coacluded
that surface~ignition tewperature is not a satisfactory criterion
for differentiating betwean the preignition characteristics of
different fuels in internal-combushion engines.

Aircraft Engine Research Taboratcrv,
National Advisory Committee for fLeronautics,
Clevelund, Ohio,
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APPENDIX ~ CATALYTIC TFFECT OF PLATINUM
ON SURFACE-IGNITTIUON TFMPRRATURES

When a platinum to platinum-rhodium thermocouple was used as
an engine~heated hot spot with S reference fusl, temperatures of
about 1900° F were reached without signs of surface ignition. The
hot-spot temperature dropped to approximately 1L00° F when S + 1 ml
TEL per gallon was tested at tha same fuel flow, alr flow, and
engine conditions. These data indicate that tetraethyl lead will
poison a platinum catalyst. When S reference fuel was again used,
the temperature remained at about 1400° F. After the platinum was
reactivated by additional heat and advanced preignition, the temper-
ature recorded with S reference fuel was again 1900° F, The tem-
peratures requirsd to cause run-away preignition were measured in
each of the foregoing tests and were found to be very nearly the
same, that is, about 2200150° F, although the required inlet-air
pressures were quite different even for the same fuel,

As a further test, the hot srot was removed, dipped in com-
mercial tetraethyl lead, and reinstalled in the engine. This time,
the catalytic deactivation of the hot siot sezmed to be complete
and permanent; even ~xtremsly high nowers, heavy knock, and advanced
preignition failed to reactivate the platinum. Although the
preignition-limited indicated rean effective pressures had increased
greatly with S reference fuel, the temproratur: required to cause pre-
:Jé.gnitim; after deactivation was loirered only about 50° F. (See

ige Te

The deactivation of platinum by tetrasthyl lead s:ems to be
simple and effective. OConcentrations asz low =23 1 ml TEL per gallon
in the gasoline will achieva the result. Similar tests of tetra-
ethyl lead and Inconel hot spots showed no corresnonding eff-:cts.

REFERENCES

1. Spencer, R Ce: Preignition Charactsristics of Seweral Tuels
under Simulated Engine Conditions. NACA Rep. No. 710, 1941.
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